where A and C represent redox-active cluster cations and anions have been prepared. These compounds which we call "soft salts", have been studied with a long term view of obtaining examples in which the charge x is non-integral. The synthesis and bulk properties of new organometallic intercalation compounds such as [Moo,( Fe,(q-C,HS),(p-S),),, Is] are reported. Finally, the synthesis of organometallic compounds with large non-linear optical properties will be described. The compound ((cis)-[ l-ferrocenyl-2-(4-nitrophenyl)ethylene] ) has been shown to have the ability for second harmonic generation (S.H.G.) which is 62 times that of urea.
INTRODUCTION
The last twenty years have witnessed many often unexpected discoveries of new materials with interesting and potentially useful properties. For example the metallic properties of (SN)x (ref. During this period, organotransition metal chemistry has been one of the fastest developing areas of chemistry. There has been, however, relatively little study of the solid state properties of organometallic compounds.
ORGANOMETALLIC CHARGE-TRANSFER SALTS
Many organometallic cluster compounds can undergo multiple and reversible redox reactions forming stable cations or anions. For example, the compound [F~,(NO),(F~-S),]", can add up to two electrons giving anions where n = -1 or -2, whilst the compounds [M,(q-C,H,R),(p'-S)4]n, n = 0, can form cations where n = +1 or +2 for M = Cr, Mo.
Charge transfer salts formed by reaction of these cubane clusters with organic poly-cyano acceptors have been prepared. Table 1 summarises the physical data obtained for these materials. The conductivity of these materials all show activated semiconductor behavior. The iso-propyl-cyclopentadienyl ligands have been omitted for clarity.
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In particular the X-ray structure of [Mo,(q-C,H4Pri),(p3-S4)]+ [TCNQ]- (Fig. 1) shows the TCNQ molecules to be arranged in ribbons, separated by cluster cations.
The high magnetic susceptibility shows the salt to be paramagnetic and corresponds to two independent unpaired electrons per formula unit. The material also shows weak antiferromagnetic behaviour with TNcel ca. 12 K, suggesting there is a direct exchange interaction between the electrons on the TCNQ anion and cluster cation.
Also, we were interested to prepare and study the solid state properties of simple organometallic salts of the general formula [CI+][Az-], where C indicates a cluster cation and A represents a cluster anion. We were interested, to discover whether the structures of such salts were welldescribed by simple electrostatic considerations and, given the availability of multiple redox states to both C and A, there is the interesting possibility that x could be non-integral. Table 2 together with their physical properties. The characterising data indicate that these materials are best described as simple charge transfer salts. Magnetic susceptibility measurements show simple Curie-Weiss paramagnetism, and electrical conductivity measurements indicate semiconductor behaviour with activation energies m.
eV (ref.21).

ORGANOMETALLIC INTERCALATION COMPOUNDS
Many layered solids including metal chalcogenides, oxides and phosphates may act as host lattices and react with a variety of guest atoms or molecules to give intercalation compounds in which the guest is inserted between the host layers. In a true intercalation compound, this insertion should be reversible and the host lattice should retain its structural integrity (ref. cm-l along the crystal axis, while the conductivity along the shortest axis (interlayer direction) is lower by two orders of magnitude.
Ferrocene will intercalate into the oxidising host FeOCl; (ref. 9) however, it will not intercalate into 1T TaS, or MOO,. However, intercalation of organoamines and ammonia into layered compounds such as 2H TaS, and MOO, is well known (ref. 10). We correspondingly found that the amino-ferrocenes readily intercalate into MOO,. The monoamino-ferrocenes form bi-layers, as indicated by the stoicheiometry and the large inter-layer separations (Fig. 4) (ref. 8) . 
ORGANOMETALLIC NONLINEAR OPTICAL MATERIALS ( N L O )
The development of new materials with large optical nonlinearities is an exciting discipline with applications in telecommunications, optical information processing and optical computering (ref. 12). Two important manifestations of light interacting with a nonlinear medium are the process of second harmonic generation (SHG) which is relevant to new laser technology, and the electro-optic effect which has applications in telecommunications and in integrated optics.
In comparison to the large effort focussed on the synthesis of organic compounds with large SHG efficiencies, little attention has been paid to organometallic compounds. Until recently, there have been only a few reports of organometallic compounds exhibiting second-order optical nonlinearities and the SHG efficiencies have been modest (ref. 13). The diversity of oxidation states as well as ligand environments of organometallic and coordination complexes can impart excellent acceptor or donor properties upon the metal centre. Further, the ligand sphere of organometallic and coordination complexes can often be easily varied in a systematic manner to give specific properties to the complex which may improve the electronic or crystallographic factors leading to very large coefficients of XC2'. On this basis, we initiated an exploratory synthesis programme to prepare organometallic complexes exhibiting large second-order nonlinearities. Here we present results which suggest that complexes incorporating the well studied ferrocenyl moiety can undergo very efficient second harmonic generation as evidenced by the Kurtz powder test. CsHs)(q-C,H4)CH,P(C6Hs)3)]+ I', (ref. 14) 1, with n-butyllithium, followed by addition of 4-nitrobenzaldehyde, yielded dark purple crystals of Figure 5(a) . The UV-visible spectrum of 2 was markedly affected by solvent. In heptane there were three absorptions at 320, 406, and 466nm, whereas in N,Ndimethylformamide there were only two absorptions at 340 and 492nm.
Deprotonation of [Fe(q-
In view of this solvatochromic behaviour, (a-[ l-ferrocenyl-2-(4-nitrophenyl) ethylene], 2, was screened for SHG efficiencies using the Kurtz powder technique on unsized particles, using 1.907 pm light (ref. 16 ). This resulted in frequency doubled light at 0.953 p m which had an intensity 62 times that of the urea reference standard. The origin of this large nonlinearity may largely be due to disparate contributions of both canonical forms of (a>-[ l-ferrocenyl-2-(4-nitrophenyl)ethylene], 2, shown in figure 5 , to the ground and excited states of the molecule, leading to a large A(@=* -keS), which is consistent with the observed solvatochromic behavior (Fig. 5 ) . A single crystal X-ray diffraction study of 2 was performed on a crystal obtained from slow evaporation of a saturated solution of 2-propanol. Crystals of 2 obtained in this manner crystallize in the non-centrosymmetric space group F2dd. From the molecular packing diagram shown in Figure  6 , it is clear that the molecular dipole of 2 will be preserved to a substantial extent in the crystalline material. To gain insight into the scope ferrocene complexes as nonlinear optical materials, we set out to synthesize a series of substituted ferrocenyl ethylene complexes. The complexes were prepared analogously to compound 2 via the route described by Pauson ( Fig. 7) (ref. 14) . As can be seen from These compounds were also screened for SHG efficiencies by the Kurtz powder test and the results are summarized in Table 3 . Although none of the complexes show SHG efficiencies of the order of 2, several had efficiencies comparable to urea. Furthermore, over half of the compounds gave nonzero efficiencies. This result is encouraging in that it implies that this general class of compounds does not have an overriding propensity to crystallize in centrosymmetric space groups. We decided to introduce asymmetry and outical activitv in the molecules by substituting the cyclopentadienyl ring which contains the acceptor moiety with an additional methyl group. It was our hope that by analogy to approaches used in organic systems, this would lead to a more desirable alignment of the molecular dipole in the crystal lattice. Thus the ferrocenyl ethylene complexes isolated were assumed to be isolated in 82% ee, as racemization was not expected in this system. The Z isomers were formed in much lower yields in this series of compounds as compared to the series of compound shown in Table 3 . As a result, only the E isomers have been screened for SHG efficiencies. The results which are shown in table 4 (ref.
19) are very encouraging. Every compound exhibited larger efficiencies than the analogous compound in Table 3 . Compound 17 for example has an SHG efficiency of over 500 times that of compound 10. Thus in the compounds described here we have attempted to engineer into the molecules both the desired electronic and crystallographic properties desirable for second-order optical nonlinearities.
In these preliminary studies we have demonstrated that organometallic compounds can have large optical nonlinearities. Clearly, further synthetic, crystallographic and optical studies are needed if we are to fully understand and exploit the large optical nonlinearities of organometallic compounds.
The study of the solid state properties of materials based on organometallic compounds is at a very early stage of development. Nonetheless, it is clear from observations such as the non-linear optical properties of the ferrocene derivatives, and from the electrical properties of the cluster bronzes that materials based on organometallic compounds can give rise to bulk properties of not only academic interest, but also there is clearly the potential for materials with useful applications.
